Summary.
The neuronal and epithelial parts of the hypothalamo-hypophyseal complex (proximal and distal neurohypophysis, adenohypophysis) have in common the task of message transfer.
According to the paraneuron concept, neurons and endocrine cells as paraneurons produce similar or identical substances, store them in vesicles and release them in response to specific stimuli. The released substances reach their targets via the intercellular spaces in a paracrine mode or via the blood in a more or less far-reaching hemocrine way. Special contacts for message transfer are not mandatory, even in the case of neurons. The biological activity of substances released by neurons and paraneurons depends on their affinities to binding sites, most probably localized on the outer target cell membrane. The neurons and paraneurons under discussion are mostly localized close to the mid-sagittal plane. The common ontogenetic roots of some neurons and paraneurons might be a further important point of the paraneuron concept.
The paraneuron concept (FUJITA, 1976; FUJITA et al., 1988) aims to unite systems whose main task is message transfer. Neurons and endocrine cells are the main representatives of tissues engaged in message transfer and share several biological characteristics as the multiplicity of secretory products of a single cell and non-secretory products, e. g., the socalled neuron-specific enolase or integral membrane proteins of different molecular weights (BUCKLEY and KELLY, 1985; LowE et al., 1988) . Endocrine cells are regarded as paraneurons (see FUJITA et al., 1988) and the aim of the present review is to provide evidence for the great number of common properties inherent to the constituents of the hypothalamo-hypophyseal complex. In this complex, consisting of the proximal neurohypophysis (median eminence), the distal neurohypophysis (neural lobe) and the adenohypophysis, neural and epithelial elements are structurally and functionally linked in a unique way. NEURONAL AND PARANEURONAL
SECRETIONS IN THE COMPLEX
Over the past few years, thorough immunohistochemical analysis of the neural part of this complex has rendered rich although still incomplete knowledge on the complicated pattern of bioactive substances. We have learned that not only both parts of the neurohypophysis can influence the adenohypophysis (HYDE et al., 1987) , but that mutual influences between the elements of either part of the hypothalamo-hypophseal complex frequently modulate the message transferred from the neurohypophysis to the adenohypophysis (FUxE et al., 1988) and/or from the latter to the periphery (DENEF et al., 1986) . Such mutual influences between the elements of the neurohypophysis and of the adenohypophysis implicate a paracrine mode of secretion from the neuron and the epithelial cell, respectively. Thus, the system of intercellular spaces and the substances therein participate in the modulation of activity of the hypothalamohypophyseal complex; the well-known vascular connection between its neuronal and epithelial parts, regarded as a target of modulation, has been a topic of earlier considerations (KRISCH, 1986) and will be excluded in the following. The more or less open passage through the intercellular clefts not only is decisive for the degree of spreading of a substance released from neurons or paraneurons but also regulates the accessibility of binding sites for which we have to look at each level of the hypothalamo-hypophyseal complex. We are now familiar not only with the fact that peptides and monoamines are produced and released by neurons as well as by endocrine cells (i. e., paraneurons) but also that substances primarily known as adenohypophyseal hormones exist as separate transmitter-or neurohormone-systems in the brain and vice versa, that means, neurons and paraneurons produce and release identical substances. Their differing effects are due to differences in the properties of binding sites in neurons and paraneurons and to the specific transformations of the message in the target. The neurons and paraneurons under discussion are situated in the mid-sagittal plane of the brain or develop thereof. The mid-sagittal plane of the brain, even in the adult, has a particular organization with regard to its pattern of glial cell types and to the number and organization of peptide-producing neurons (see LEONHARDT et al., 1987) . Thus, those substances identical in the neuronal and epithelial parts of the hypothalamo-hypophyseal complex are all found closely beneath the ependyma of the third ventricle in the central grey of the hypothalamus. In addition, the glia of this central hypothalamic grey and the stellate cells of the adenohypophysis have some properties in common. This conspicuous constellation has to be considered in connection with data from LE DOUARIN and co-workers (COULY and LE DOUARIN, 1985) which show that the current opinions regarding the adenohypophysis as the derivative of Rathke's pouch and thus of ectodermal origin, and the neurohypophysis a derivative of the diencephalon anlage are correct but incomplete.
The consideration of adenohypophyseal cells as representatives of paraneurons has to exclude one property characteristic for other paraneurons possibly all deriving from the neural crest, that is, the capability to synthesize, release or metabolize monoamines. In contrast, adenohypophyseal cells do not contain significant amounts of monoamines or their marker enzymes (SIMPSON et al., 1985; BACK et al., 1987) . The explanation for this difference between adenohypophyseal cells and other paraneurons might lie in embryonic development-this point will be referred to later.
Among the substances common for neurons and paraneurons of the hypothalamo-hypophyseal complex, randomly elected in the following, are typical adenohypophyseal hormones such as prolactin and ACTH, peripheral hormones such as gastrin/ cholecystokinin (CCK) or angiotensin II, and neuronal transmitters such as neurotensin or proenkephalin A-derivatives.
Hypothalamic prolactin is described as synthesized among other nuclei in the supraoptic and paraventricular nuclei. The peptide, which is of larger molecular size than pituitary prolactin (EMANUELE et al., 1986) , is then transported along the hypothalamohypophyseal tract into the proximal and distal neurohypophyses (HANSEN et al., 1982) . The fibers in the proximal neurohypophysis are found preferentially in the internal layer (HANSEN et al., 1982) , though also in the perivascular zone as shown by light and electron microscope immunocytochemistry (ALONSO et al., 1988) . The latter authors discussed a possible function as prolactin-inhibiting factor for this hypothalamic prolactin.
The situation is rather similar in the case of the pro-opiomelanocortin-(POMC-) derivatives which are produced in the arcuate nucleus (GEE et al., 1983 ; for review see KHACHATURIAN et al., 1985) . Most authors place the preferential localization of POMC derivatives in the internal layer of the proximal neurohypophysis and hence ascribe the function of these neurons to the rebound coupling of the median eminence and the arcuate nucleus (see KHACHATURIAN et al., 1985) . However, the perivascular layer of the proximal neurohypophysis also constantly contains immunoreactivity for POMC derivatives (IBATA et al., 1985, Fig. 1 ) and thus also a direct or indirect influence of POMC derivatives on the adenohypophysis has to be supposed.
Angiotensin II was formerly only known as part of the blood pressure regulating endocrine link between the kidney and adrenal cortex. We are now confronted with the fact that the constituents of the renin/ angiotensin cascade occur in peripheral endocrine cells, among which are the gonadotrophs of the adenohypophysis in as well as in the brain (see DESCHEPPER and GANONG, 1988) . In the gonadotrophs, the complete sequence of the system seems to exist: renin, angiotensinconverting enzyme as well as angiotensin II immunoreactivities are co-localized with that of R-LH. This angiotensin II of gonadotrophs is said to regulate the secretion of prolactin in a paracrine way, whereas the stimulatory effect of angiotensin II on ACTH secretion seems to be mediated through CRF.
In contrast to the complete sequence of the renin/ angiotensin cascade present in a single adenohypophyseal cell type, another situation exists for the brain, where angiotensinogen seems to be localized in glial cells and angiotensin II in neurons (DESCHEPPER et al., 1986) , suggesting a sort of shuttle mechanism between glia and neurons. At any rate, leaving completely aside the probable role of angiotensin II in volume regulation via the axis SFO-OVLT-preoptic area (PHILLIPS, 1987) , one can say that among nuclei of the limbic and neuroendocrine hypothalamus, angiotensin II immunoreactivity is densest in all parts of the paraventricular nucleus (BROWNFIELD et al., 1982) . Similar to findings concerning vasopressin synthesis in CRF perikarya after adrenalectomy, in this experimental condition CRF-immunoreactive perikarya, normally non-immunoreactive for angiotensin II, express angiotensin II-immunoreactivity (LIND et al., 1985) . The peptide is evidenced in the paraventricular-hypophyseal pathway in all layers of the proximal neurohypophysis (LIND et al., 1985) . Concerning ACTH, angiotensin most probably does not act as a neurohormone via the hemocrine way but rather influences the CRF-endings in the proximal neurohypophysis (RIVIER and VALE, 1983) , where, in addition, angiotensin II seems to stimulate dopamine release, thus inhibiting prolactin secretion (DENEF and SCHRAMME, 1985) . Hence, in both the neuro-and adenohypophysis, angiotensin seems to act in a paracrine way.
Since the description of VANDERHAEGHEN et al. (1975) of the occurrence of gastrin/CCK in the brain, we have become familiar with the existence and vast distribution of gut hormones in the brain; this peptide is a good example of the co-existence of peptides with monoamines. However, whereas the midbrain CCKsystems show co-existence with dopamine (HOKFELT et al., 1986) , the hypothalamic CCK-neurons in particular in the paraventricular nucleus rather co-exist with oxytocin in the magnocellular part (VANDER-HAEGHEN et al., 1981) and with vasopressin and CRF in the parvocellular part of the nucleus, the latter being only realized after adrenalectomy (ANHUT et al., 1983) . That means, gastrin/CCK is released from vasopressin/CCK-containing axons in the proximal neurohypophysis, and supposed to potentiate ACTH synthesis and release. It is released exclusively as CCK-8 from axons in the distal neurohypophysis together with oxytocin. Its function in this latter localization is unclear.
In the adenohypophysis, CCK-immunoreactivity is localized in the corticotrophs (LARSSON and REH-FELD, 1981) ; however, in the normal gland, at most only traces of mature CCK-8 are found whereas greater amounts of large prepro-CCK fragments can be demonstrated (REHFELD, 1987) . Wide-spread in its distribution, neurotensin is also produced in the periventricular hypothalamic grey, in the periventricular and both parts of the paraventricular nuclei as well as in the arcuate nucleus (KALIVAS et al., 1982) . In the latter, it may co-exist with dopamine and with GHRF (IBATA et al., 1983) . From all these nuclei fibres project to the perivascular layer of the proximal neurohypophysis (Kiss et al., 1987) . In the adenohypophysis, neurotensinimmunoreactivity coincides partly with that of bendorphin, i.e., corticotrophs may synthesize neurotensin (MIYOSHI et al., 1985) . In addition, GOEDERT et al. (1984) observed a drastic reduction of neurotensinimmunoreactivity in the gland subsequent to chirurgical or chemical thyroidectomy. Moreover, in vitro, adenohypophyseal cells released prolactin in response to neurotensin (VIJAYAN and MCCANN, 1979 ), and on a hypothalamic level, enhanced dopamine release in response to neurotensin has been described (QUIRION, 1983) . Biochemically, the adenohypophyseal neurotensin does not differ from the hypothalamic neurotensin (EMSON et al., 1982) .
As neurotensin, proenkephalin A-derived Met-enkephalin is produced, among other nuclei, in the supraoptic nucleus as well as in both parts of the paraventricular nucleus and co-exists with vasopressin/ CRF in the proximal neurohypophysis and with oxytocin in the distal neurohypophysis, respectively (MARTIN et al., 1983; VANDERHAEGHEN et al., 1983; ADACHI et al., 1985; HISANO et al., 1987) . In the adenohypophysis, results disagree concerning the cell type immunoreactive for proenkephalin A-derivatives : somatotrophs (WEBER et al., 1978) , corticotrophs, gonadotrophs and thyrotrophs (BEAUVILLAIN et al., 1980 ) have been reported to contain these peptides. Comparative biochemical analysis of the proenkephalin A-derivatives evidenced conspicuous differences in the quantitative correlations of penta-, hepta-, and octa-peptides between the distal neurohypophysis and a population of gonadotrophs in the adenohypophysis (PANULA and LINDBERG, 1987) . Unfortunately, values on the proximal neurohypophysis are lacking. It can be said that also in this case, the processing of the identical prohormone differs in the neuron and the endocrine cell. very similar, identical or derived from identical precursor substances. As has been shown, this can be dependent upon the endocrine status or experimental condition whether or not the genetic program in fact is realized.
As far as we know, and according to the current hypotheses, these substances are conveyed less in a hemocrine way than in a paracrine mode. In this context, it has to be kept in mind that in the neuroadeno-hypophyseal system, hemocrine and paracrine influences can become effective 1) quasi in a vertical way, from the release sites in both parts of the neurohypophysis to the adenohypophysis; such vertically directed influences shall be excluded in the following, since they were the topic of an earlier review (KRISCH, 1986) ; and 2) the message can be transferred quasi in a horizontal way at each level of the complex, i. e., within the proximal and the distal neurohypophysis and within the adenohypophysis.
Concerning such horizontal ways of message transfer, paracrine influences in the neural part of the complex can generally be directed from neurons to other neurons or to non-neuronal cells with or without elaboration of special contacts : a neurosecretory axon can influence another neuroendocrine axon, a tanycyte, a pituicyte or endothelial cells. The same possibilities exist in the adenohypophysis : a distinct endocrine cell may influence another one producing a different hormone, the same system may be influenced in an autocrine way, or targets for paracrine mediated messages may be stellate cells or endothelia. At both levels of the neuro-adeno-hypophyseal complex the influences on non-neuronal organ-typic cells (tanycytes, pituicytes, stellate cells) may lead to modulation of the accessibility of the intercellular spaces, i. e., to an altered arrangement or manifestation of microcompartments.
Influences on the endothelia may alter their permeability by changes in tightness of their intercellular contacts or by changes in their transmural carrier systems.
Is there any evidence for those influences in a horizontal way just mentioned?
Mutual influences between axons of the neurohypophysis and autocrine effects have been discussed since the co-existence of several peptides in a single population of axons has proved to be the rule rather than the exception (HOK-FELT et al., 1983 . HOKFELT et al. (1983) nerve terminals located in distinct parts of the proximal neurohypophysis modifying the secretion of a single regulatory hormone of the adenohypophysis. The final information emitted by the "medianosome" is the sum of mutual and mostly paracrine influences among its constituents.
In the proximal neurohypophysis, axo-axonal synapses are less frequently found than expected, and it appears as if a great part of the mutual influences between axons are realized in a paracrine way. Unfortunately, such paracrine influences per se cannot be evidenced morphologically; we have to rely on indirect experimental data and wait for the highresolution demonstration of binding sites for the substances under discussion.
Cell communication in the neurohypophysis does not occur mandatorily between neuronal elements. WITTKOwsKI and SCHEUER (1974) were the first to clearly demonstrate that tanycytes are decisive for the degree of exposition of neurosecretory axon endings to the perivascular spaces in dependence to the endocrine status. Tanycytes and glia cells in the proximal neurohypophysis are subject to influences reaching them via the intercellular spaces from the portal blood (rebound information from the periphery) or from axon endings in the proximal neurohypophysis proper. By means of the tannic acid method, release sites in different types of axons were evidenced by BUMA and NIEUWENHUYS (1988) in all layers of the proximal neurohypophysis. These influences can be mediated with or without special contact structures-tanycytes can bear synaptoid contacts. The same is valid for the distal neurohypophysis- VAN LEEUWEN (1982) discussed the functional activity of enkephalin in the neural lobe to be directed towards the pituicytes.
Evidence for paracrine interaction between cells of the adenohypophysis comes from studies by DENEF et al. (1986) and BAES and DENEF (1987) . At least from in vitro experiments, these authors gained convincing evidence for the paracrine stimulatory influences of gonadotrophs and of VIP from lactotrophs on somatotrophs (BASS and DENEF, 1987) . In addition, NAGY et al. (1988) on the basis of in vitro experiments, attributed the "spontaneous" basic secretory activity of lactotrophs, which is independent of hypothalamic factors, to the autocrine control of lactotroph activity by their own VIP.
In parallel to the discussion concerning neurohypophysis, in the adenohypophysis those cells which are secretorily inactive have also to be regarded. Here, stellate cells are endowed with focal tight junctions (KRISCH and BUCHHEIM, 1984) subject to influences via the intercellular clefts and in turn controlling the accessibility of the intercellular clefts. They produce a basic fibroblast growth factor (FERRARA et al., 1987) suggested to participate in paracrine regulation of pituitary hormone secretion and in local regulatory functions. Moreover, BAES et al. (1987) obtained evidence for an inhibitory influence of stellate cells on the secretory response of somatotrophs, lactotrophs and gonadotrophs to their respective stimulatory factors.
Thus, there is substantial evidence for influences in a "horizontal" way at each level of the neurohypophyseal system, these influences being mostly transmitted in a paracrine way. Whereas the point-topoint communication via synapses operates at high speed, is short-termed and has low divergency and plasticity, message transfer in a paracrine way should be a low-speed and rather long-termed process with high divergency and plasticity. These points as well as the safety of paracrine message transfer are determined by the characteristics of the respective receptors and binding sites as well as by the chemical and physical properties of the intercellular spaces (for the latter point see NICHOLSON, 1980) . Concerning the typical attributes of binding sites in point-to-point or synaptic and in paracrine message transfer, respectively, fundamental differences can be postulated: in synapses the local concentration of the transmitter is high; the affinity of the binding site for the substance may be low and the dissociation constant high. In contrast, in the case of paracrine message transfer, the concentration of the messenger is low with the consequence of high affinity binding sites and low values for the dissociation constant. In addition, the conditions for the specific binding of identical substances to neurons and endocrine cells/paraneurons may differ not only in quantitative respect as an expression of differing affinity but also in ion requirements, even if the messenger reaches its target cell in a paracrine mode in both tissues.
PERSPECTIVES IN RECEPTOR RESEARCH
The biochemical approach of peptide receptor research has rendered a lot of data on the binding conditions of the different peptide ligands. However, the morphological demonstration of peptide receptors still is in the stage of data sampling, mostly on the basis of light microscopic autoradiography (HERKEN-HAM, 1987) . The disadvantage of this method is that it is mostly only possible to attribute the label to a certain region, i. e., nucleus or layer of the brain, but
hardly it is possible to analyze the binding site at the cellular or even subcellular level. According to own preliminary results, new methods for receptor demonstration with higher resolution on the base of direct gold labeling of the ligands, i.e., the peptides, or on the basis of their coupling to biotin are promising. The binding of the ligand to neurons and paraneurons, respectively, differs in ionic requirements, and from both sites the labeled ligand can be displaced by unlabeled ligand.
These findings are in accordance with biochemical results from HEIMAN et al. (1987) and indicate that there are differences in the properties of binding sites in neurons and paraneurons or neurons and glial cells for identical messengers. Similar findings have been reported for the different receptors for vasopressin in the brain, adenohypophysis and kidney (KNEPEL et al., 1986; TRIBOLLET et al., 1988) . At the moment it may be premature to extend the comparison of binding sites for identical substances in neurons and paraneurons, but these few examples indicate that the message transfer in neurons and paraneurons might differ in this important point.
In the foregoing sections, neurons with neuroendocrine activity and adenohypophyseal cells as representatives of paraneurons were compared, and a few selected examples of similar potencies can be attributed to both of them concerning the messenger, its release, its ways and modes of distribution. Only the receptor for the same messenger seems to have different characteristics in neurons and paraneurons. However, the similarities between the populations of neurons and paraneurons do not only concern message transfer, but there are some striking facts common for both of them which concern rather the organization of tissue in which they are integrated.
The randomly selected substances mentioned earlier and demonstrated in both, in adenohypophyseal cells and in neurons, in the latter case are all produced in the paraventricular nucleus, periventricular grey and/or arcuate nucleus. In this region, the overwhelming part of hypothalamic peptidergic neurons are localized. It can be regarded as a central peptidergic core which is structurally and functionally continuous with peptidergic systems in mid-and hindbrain, forming the so-called paracrine core of NIEUWEN-HUYS (1985) . Within this central core, the glial elements ("filial" in the broadest sense) exhibit distinguishing features as are vimentin-and GABA-immunoreactive tanycytes and conspicuous large GFAP-and S100-positive subependymal astrocytes. Both glial cell types seem to be specialized interstitial cells within this particular organization of the neuraxis along the mid-sagittal plane (LEONHARDT et al., 1987) . In this connection it is important to realize that stellate cells in the adenohypophysis are described as presenting epitopes binding antibodies against GFAP, and 5100 protein as do astrocytes (SHIRASAWA et al., 1983; VAN NASSAUW et al., 1987) . Hence, even the interstitial cells in the basal hypothalamus and adenohypophysis express the same epitopes.
It is tempting to look for a causality for these striking similarities between the special populations of neurons and paraneurons and their attached interstitial cells. In other cases of paraneurons and peripheral neurons the APUD-concept (PEARSE, 1969) can be helpful connecting, on the basis of their origin from the neural crest, amine-containing and -metabolizing cells which have all proved to produce peptides.
Concerning the adenohypophysis, experiments by Le Douarin and co-workers (COULY and LE DOUARIN, 1985) offer an attractive explanation. Using the quailchick model in the presomite to 3 somite stage, it was clearly demonstrated that the adenohypophysealanlage develops from an ectodermal placode which is contiguous with the hypothalamus anlage.
Thus, it might be the common origin of peptidergic, especially neurosecretory neurons of the central hypothalamic grey and of adenohypophyseal cells which still in the adult is mirrored in the capability to produce identical messengers (regularly or in consequence to certain stimuli) and to convey them in identical modes, and which is further mirrored in identical epitopes expressed by their interstitial cells. The common origin of the neurons and paraneurons under discussion is particularly emphasized because it extends the phenomenology of paraneurons back to their roots. Devel. Biol. 110: 422-439 (1985) . DENEF, C. and C. SCHRAMME: Regulation of prolactin release by angiotensin. Horm. Res. 22: 135-141 (1985) . DENEF, C., M. BAES and C. SCHRAMME: Paracrine interactions in the anterior pituitary: Role in the regulation of prolactin and growth hormone secretion. In: (ed. by) W. F. GANONG and L. MARTINI: Frontiers in neuroendocrinology, Vol. 9. Raven Press, New York, 1986 (p. 115-148) . DESCHEPPER, C. F. and W. F. GANONG: Renin and angiotensin in endocrine glands. In: (ed. by) L. MARTINI and W. F. GANONG: Frontiers in neuroendocrinology, Vol. 10. Raven Press, New York, 1988 (p. 79-98) . DESCHEPPER, C. F., J. BOUHNIK and W. F. GANONG:
Colocalization of angiotensinogen and glial fibrillar acidic protein in astrocytes in rat brain. Brain Res. 374: 195-198 (1986 possible morphological basis for integrated control of prolactin, corticotropin, and growth hormone secretion. Proc. Nat. Acad. Sci. 80: 895-898 (1983) .
